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p-Nonyl-Phenol: An Estrogenic Xenobiotic
Released from “Modified” Polystyrene
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Alkylphenols are widely used as plastic additives and surfactants. We report the identification
of an alkylphenol, nonylphenol, as an estrogenic substance released from plastic centrifuge
tubes, This compound was extracted with methanol, purified by flash chromatography and
reverse-phase high performance liquid chromatography, and identified by gas chromatography-
mass spectrometry. Nonyiphenol induced both cell proliferation and progesterone receptor in
human estrogen-sensitive MCF; breast tumor cells. Nonylphenol also triggered mitotic activity
in rat endometrium; this result confirms the reliability of the MCF; cell proliferation bioassay.
The estrogenic properties of alkylphenols, specifically nonylphenols, indicate that the use of
plasticware containing these chemicals in experimental and diagnostic tests may lead to spurious
results, and these compounds as well as alkylphenol polyethoxylates may also be potentially
harmful to exposed humans and the environment at large.

Introduction

Estrogens regulate cell proliferation and gene ex-
pression in the female genital tract, pituitary, and
mammary gland (1--5). Induction of mitotic activity in
the female genital tract has been considered the hall-
mark of estrogen action (7}, and estrogen bioassays were
designed to measure thig proliferative event, albeit in
an indirect fashion [i.e., the Allen Doisy assay measur-
ing vaginal cornification (4)]. The proliferative effect of
estrogens is readily apparent in established estrogen-
sensitive cells in culture; these models closely reproduce
the effects observed in sife (5-7). In addition to steroid
hormones, nonsteroidal substances of widely diverse
chemical structure mimie estrogen action (&,9). This di-
versity makes it difficult to predict the estrogenicity of
xenohiotics solely on structural bases (70). Thus, it is not
surprising that the estrogenic properties of most
xenobiotics are discovered after their release into the
environment (9); in fact, the estrogenic properties of the
pesticide chlordecone were inferred from clinical obser-
vations on workers at a chlordecone manufacturing plant
(17). The estrogenicity of this and other pesticides wasg
later confirmed in animal models (9,12).
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Phytoestrogens (13) and mycoestrogens (1) present
in animal feeds have been shown also to cause repro-
ductive impairment in domesticated species and labora-
tory rodents. We report here that polystyrene tubes
used in routine laboratory procedures release a sub-
stance with estrogenic properties. This substance was
identified as a nonylphenol. This and other alkylphenols
are used as antioxidants in the plastic industry (15) and
have been reported to leach from plastics used in food
processing and packing (76).

Materials and Methods
Cell Lines and Culture Conditions

Human breast tumor MCF; cells (27) were originally
obtained from C. McGrath, Michigan Cancer Foundation;
they were cloned in our laboratory (6). Cells were main-
tained routinely in Dulbecco’s modification of Eagle
medium (DME) (GIBCO, Grand Island, New York)
supplemented with 5% fetal bovine serum (FBS) from
Hyclone (Logan, Utah). Cells were routinely grown in
75 em? plastic flasks (Corning Plastie, Corning, New
York).

Cell Proliferation Experiments

Charcoal-dextran stripped (CD) human serum (HuS)
inhibits the proliferation of MCF; cells in a dose-
dependent fashion (6). Estrogens overcome this inhibi-
tory effect (6,7). This is the underlying principle for the






